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SEAMLESS MULTICAST AND UNICAST
SWITCHING FOR CONTENT PLAYBACK

BACKGROUND

In an increasingly networked world, more and more
traflic, such as data, voice, and video, 1s transmitted over
public and proprietary networks. Wireless networks, in
particular, are becoming increasingly popular as networks
through which subscribers obtain both voice services (e.g.,
telephone calls) and data services (e.g., email and video/
audio streaming). Streaming video services, 1n particular,
may be provided through a wireless network.

When providing content, such as video, over the wireless
network, 1t may be important to intelligently deliver the
content to the mobile devices to limit strain on the wireless
network. One known technique for streaming audio/video 1s
known as multicast, in which a single channel may be used
to broadcast content to multiple mobile devices. In contrast,
with a unicast transmission, video streams transmitted to
multiple mobile devices may require multiple channels that
are each dedicated to a single mobile device.

A multicast system may include a number of multicast
channels that are broadcast, over a radio interface, to inter-
ested mobile devices. For example, content providers may
make available video streams, such as streams of live events,
that may be transmitted as a multicast transmission. Multi-
cast may be particularly useful for streaming video of live
events or scheduled broadcasts, in which a relatively large
number of users may be interested in viewing the video
stream at the time the stream 1s broadcast using multicast.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams that conceptually 1llustrate
an example of an overview of concepts described herein;

FIG. 2 1s a diagram of an example environment 1n which
systems and/or methods described herein may be imple-
mented;

FIG. 3 1s a diagram conceptually illustrating an example
of functional components of a content player;

FIG. 4 1s a diagram conceptually illustrating an example
of functional components of a segment builer;

FIG. 5 1s a flowchart 1llustrating an example process for
seamless multicast and unicast switching during content
playback;

FIGS. 6 A-6C are diagrams illustrating an example appli-
cation for seamless multicast and unicast switching for
content playback;

FIG. 7 1s a diagram of example components of a device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following detailed description refers to the accom-
panying drawings. The same reference numbers in different
drawings may identily the same or similar elements.

As described herein, a broadcast service may be provided
in which content streams, such as video streams, may be
seamlessly provided as both multicast and unicast transmis-
sions. A mobile device may use the multicast stream, of a
particular content stream, as the primary technique for
receiving the content stream. Playback, at the mobile device,
of the content stream, may be provided atter a predetermined
delay from reception of the content stream via multicast. For
example, for a content stream that 1s broadcast as a number
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2

of discrete segments of content, a certain number of seg-
ments may be bullered before being played back to the user
ol the mobile device.

Particular content segments that are not correctly received
via multicast (e.g., a missing content segment, a content
segment received with too many errors, etc.) may be
requested via unicast and, when recerved, may be inserted
into the buller to supplement the correctly received multicast
content segments. The predetermined delay from reception
of the content stream to playback of the content stream may
be selected in order to allow the unicast process to “fill in
holes” (missing content segments ) 1n the bufler due to 1ssues
with the multicasting of the content stream.

FIGS. 1A and 1B are diagrams that conceptually illustrate
an example of an overview of concepts described herein. As
shown 1n FIG. 1A, mobile devices, such as smart phones,
may obtain network connectivity from a network, such as a
wireless network. The network connectivity may allow for a
number of network services, including the streaming of
content. The streamed content may be provided by a content
provider that provides, for example, video streams to the
mobile device. The video streams may be streams of live
events, streams ol scheduled broadcasts (e.g., television
programming), or other streams that are likely to be simul-
taneously viewed at multiple mobile devices.

Each of the mobile devices may include a playback
application to playback, to the user of the mobile device, the
streamed content. As 1llustrated 1n FIG. 1, the playback
application may receive a multicast stream (“MC stream”)
from the content provider. The same multicast stream may
be recerved by multiple mobile devices and the stream may
be encoded as a number of discrete sequential segments. The
playback application may store the received segments 1 a
bufler. In FIG. 1A, four received segments are illustrated as:
Segment 0, Segment 1, Segment 2, and Segment 3. Assume
that Segment 3 represents that segment that 1s currently
being recerved via multicast (1.e., the segment containing the
most recent video from the stream), and Segment 0 repre-
sents the segment that 1s currently being played to the user
of the mobile device.

Segment 2 1s shown in FIG. 1A with a shaded back-
ground, indicating that Segment 2 was not correctly received
via the multicast. For example, due to interference, a weak
multicast signal, or other factors, Segment 2 may not have
been received or may have been recerved with a high error
rate that causes the quality of the video associated with
Segment 3 to be low. In response, the playback application
may request Segment 2, such as from the content provider,
via a unicast transmission.

As shown 1 FIG. 1B, Segment 2 may be received via
unicast (uc) and be written 1nto the content bufler such that,
when the current playback location corresponds to Segment
2, the playback application may use the unicast version of
Segment 2. The playback of the video stream, at the mobile
device, may thus be seamless (e.g., may proceed without
interruption) despite the fact that both multicast and unicast
technologies are used to receive the data.

Using unicast and multicast to seamlessly receive a con-
tent stream, as described herein, has a number of potential
advantages. For example, when using only multicast, con-
tent stream startup times may be increased relative to
unicast. With the techniques described herein, the content
player may begin the content stream using unicast to thus
potentially improve stream startup times. Further, by using
both multicast and unicast, a more robust content stream
may be obtained relative to using only unicast or multicast.
At the same time, however, when multicast 1s available for
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a content stream, the content player, as described herein,
may use the multicast content stream to take advantage of
the eflicient use of the radio spectrum that 1s obtained
through multicast.

FIG. 2 1s a diagram of an example environment 200 in
which systems and/or methods described herein may be
implemented. As 1illustrated, environment 200 may include
one or more mobile devices 210-1 through 210-N (referred
to collectively as “mobile devices 210”7 or singularly as
“mobile device 2107). Mobile devices 210 may obtain
network connectivity through wireless network 220 (e.g., a
cellular network). Wireless network 220, as 1llustrated, may
include radio access network (RAN) 230 and core wireless
network 240.

One or more additional networks, such as public packet
network 250 and content delivery network (CDN) 260, may
connect to wireless network 220. Content provider 270 may
include one or more devices, such as content servers, that
deliver content (e.g., streaming audio or video) to mobile
devices 210. Content provider 275 may similarly include
one or more devices, such as content servers, that deliver
content to mobile devices 210. The content, from content
provider 270 and/or content provider 275, may be delivered,
over RAN 230, as multicast content and/or unicast content.

Mobile devices 210 may include portable computing and
communication devices, such as a personal digital assistant
(PDA), a smart phone, a cellular phone, a laptop computer
with connectivity to a cellular wireless network, a tablet
computer, etc. Mobile devices 210 may also include non-
portable computing devices, such as desktop computers,
consumer or business appliances, set-top devices (STDs), or
other devices that have the ability to connect to RAN 230.
Mobile devices 210 may connect, through a radio link, to
RAN 230. Through the radio link, mobile devices 210 may
obtain data and/or voice services, such as content delivery
services via which content (e.g., streaming video, streaming
audio, or other content) may be delivered to mobile devices
210.

Mobile devices 210 may include logic, illustrated as
content player 215, to play content, received from content
provider 270/275, to a user of the corresponding mobile
device 210. Content player 215 may function to receive user
selection of a content stream to play, and in response, 1nitiate
wireless reception of the content stream from RAN 230. The
content stream may be received as a sequential series of
segments that each represent a portion (e.g., a one second
section) of the content. Content player 215 may seamlessly
use both multicast and unicast techmiques to receive the
content stream. In one implementation, and as will be
described 1n additional detail below, playback application
may begin reception of a content stream via unicast. If a
multicast broadcast 1s available for the content stream,
content player 215 may seamlessly switch to preferentially
using multicast to receive the content stream but may still
use unicast techniques to request segments (or packets) in
the content stream that are not received, or are received with
errors, via multicast.

RAN 230 may include one or more devices that include
radio interfaces to provide wireless connections to mobile
devices 210. RAN 230 may provide wireless connectivity
for wireless network 220. RAN 230 may include, for
example, one or more base stations 233. Fach base station
235 may provide one or more radio interfaces over which the
base station may communicate with mobile devices 210. The
radio interfaces may include, for example, orthogonal fre-
quency-division multiplexing (OFDM) and/or single-carrier
frequency-division multiple access (SC-FDMA) based radio
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interfaces. In the context of a network such as a long term
evolution (LTE) network (e.g., as i1llustrated in FIG. 3), base
stations 235 may be referred to as evolved Node Bs (eNo-
deBs).

Core wireless network 240 may implement a network that
provides routing, control, and data transmission services for
mobile devices 210. Core wireless network 240 may connect
to one or more other networks, such as to public packet
network 250 and/or CDN 260, to provide network services
to mobile devices 210. Core wireless network 240 may
include one or more network devices used to implement
control logic, physical links, and routing/switching func-
tions that may be performed by core wireless network 240.
In one implementation, core wireless network 240 may
implement an LTE network.

Public packet network 250 may include one or more
packet networks, such as an Internet Protocol (IP) based
packet network. Public packet network 250 may include a
wide area network (WAN), a local area network (LAN),
and/or combinations of WANs and LANs. Mobile devices
210 may access public packet network 250 to obtain com-
putation and/or data services from computing devices, such
as from content provider 270.

CDN 260 may include one or more networks designed to
provide content, such as streaming content delivered via
multicast, to mobile devices 210. CDN 260 may include a
wide area network (WAN), a local area network (LAN),
and/or combinations of WANs and LANSs.

Content providers 270 and 275 may each include one or
more server devices that provide content, such as on-
demand video content, to mobile devices 210. A content
provider 270/275 may, for example, be an entity that has the
rights to provide television content, other video content,
radio content, etc. Content provider 270 may provide con-
tent, destined for mobile devices 210, via public packet
network 250 and wireless network 220. Similarly, content
provider 275 may provide content, destined for mobile
devices 210, via CDN 260 and wireless network 220.

Although FIG. 2 illustrates example components of envi-
ronment 200, i other implementations, environment 200
may contain fewer components, different components, dii-
ferently arranged components, or additional components
than those depicted. Alternatively, or additionally, one or
more components of environment 200 may perform one or
more other tasks described as being performed by one or
more other components of environment 200.

FIG. 3 1s a diagram conceptually illustrating an example

of functional components of content player 215. As shown
in FIG. 3, content player 215 may include multicast (MC)
component 310, umcast (UC) component 320, segment
bufler 330, and playback component 340.
Multicast component 310 may receive content, such as
streaming video, using multicast or broadcast techniques.
Multicast may refer to one-to-many distribution 1 which
base stations 235 use a single communication channel to
broadcast data to multiple mobile devices 210. For example,
in LTE networks, the Enhanced Multimedia Broadcast Mul-
ticast Services (E-MBMS) may provide a multicast imple-
mentation for sending the same content to all the users 1n a
cell (broadcast) or to a given set of users (subscribers) 1n a
cell (multicast) using a subset of the available radio
resources. Multicast at the radio interface level, such as
performed with E-MBMS, provides for sharing of radio
resources at the radio access level.

Unicast component 320 may receive content, such as
streaming video, using unicast techniques. Content received
by unicast component 320 may be content that 1s transmitted
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to mobile device 210, by wireless network 220, using radio
resources that are used dedicated to mobile device 210.
Unicast communications may be a one-to one connection
between mobile device 210 and a base station 235 of
wireless network 220.

As previously mentioned, streamed content, such as
streamed video content, may be provided in discrete seg-
ments, where each segment corresponds to a particular
length (e.g., 1n time) or a particular file size. The segments
may be labeled, such as via sequential numbers, so that
playback component can reassemble the segments into the
correct playback order and/or determine when a particular
segment 1s missing. Multicast component 310 and unicast
component 320 may both operate to receive content data and
output corresponding content segments.

Segment bufler 330 may include a software and/or hard-
ware 1mplemented data structure that 1s used to store the
received content segments. The received content segments
may be content segments from multicast component 310 and
unicast component 320. Segment buller 330 may generally
operate to store the content segments before the content
segments are played, to the user, by playback component
340. By buflering the content segments in segment buller
330, content player 215 may ensure that content segments
are correctly ordered for playback. Additionally, bullering
the content segments may allow content player 215 to
request content segments that were not received or errone-
ously recerved via multicast. For example, as illustrated 1n
FIG. 3, segment bufler 330 may receive (and builer) mul-
ticast segments from multicast component 310 (“recerved
mc segments”). Content segments that are missing 1n seg-
ment bufler 330 may be requested via unicast (“segment
request”). The request may be generated by segment bufler
330 and/or playback component 340. Unicast component
320 may recerve the request and, 1n response, may request
a particular content segment(s) from wireless network 220
(c.g., by transmitting a unicast request, for one or more
particular content segments, to base stations 2335 and/or
content providers 270/275). Content segments, received by
unicast component 320, may be stored 1n segment buiier 330
(“received uc segments™).

Playback component 340 may read the content segments
from segment builer 330 and playback the corresponding
content to the user (e.g., as video or audio). For example, the
content segments may be encoded using one or more media
encoding techniques, such as by using MPEG-DASH (Mov-
ing Picture Experts Group-Dynamic Adaptive Streaming
over HI'TP (Hypertext Transier Protocol)), HT'TP Live
Streaming (HLS), Smooth streaming, etc. Playback compo-
nent 340 may decode the segments and playback the content,
to the user, as a continuous audio or video stream.

FIG. 4 1s a diagram conceptually illustrating an example
structure of segment bufler 330. As shown i FIG. 4,
segment builer 330 may store a number of content segments,
cach 1illustrated as a rectangle. Each content segment may
correspond to a particular portion of the overall content
stream and the content segments may be sequential (1.e., the
content segments are ordered).

In the example of FIG. 4, nine content segments, labeled
as segments “S0” through “S8” are illustrated. S0 may
represent the beginning of the content stream and S8 may
represent the most recent portion of the content stream. For
a multicast transmission of a live event, S8 may thus
represent the most recently received content segment and
may correspond to the current or “live” frame of the event
(“multicast streaming segment”). As 1s further shown 1n
FIG. 4, assume segment S1 1s the segment that 1s currently
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being played by playback component 340 (*current play-
back position™). S0 has been already been played by play-
back component 340. In implementations 1n which pausing
and rewinding of streaming content 1s not a feature that 1s
provided by content player 215, S0 may be discarded. In
implementations in which pausing and rewinding of stream-
ing content 1s a feature provided by content player 215,
segment builer 330 may continue to store played content
segments, such as by storing a number of played content

segments equal a desired maximum amount of streaming
content that 1s available for rewind.

As 1s turther shown 1n FIG. 4, segment butier 330 may be
defined by a bufler length “X.” which may refer to the target
s1ize of the content bufler from the most recently received
content segment to the content segment corresponding to the
current playback position. Bufler length X may correspond
to the delay experienced by a user, viewing a particular
content stream, relative to the “live” position of the content
stream (1.e., relative to the most recently received content
segment of the content stream). Segment butler 330 may
enforce a playback restriction corresponding to a certain
bufler length “Y,” which may refer to the number of most
recently recerved content segments that are not available for
playback by playback component 340. In other words,
content bufller 330 may enforce a minimum delay Y between
the current multicast segment that 1s being received and the
current playback position.

FIG. § 1s a flowchart illustrating an example process 500
for seamless multicast and unicast switching during content
playback. Process 500 may be performed, for example, by a
mobile device 210, such as by content player 215 of mobile
device 210. Process 500 may be performed when a user
requests video or audio content, such as a video stream or
audio stream, from one of content providers 270/275. The
content may be a stream that corresponds to a live event
(e.g., a sporting event, a music concert, etc.) or to scheduled
programming, such as a television channel, that a relatively
large number of users are likely to concurrently view. The
content stream may be delivered wirelessly (e.g., over radio
interfaces associated with base stations 235) to mobile
devices 210.

Process 500 may include retrieving the content segments,
corresponding to the content, via unicast (block 510). The
retrieved content segments may be stored in segment builer
330. In this implementation, 1n response to a user request for
content, the content may be imitially requested via unicast.
The time delay to request and to begin to receive content
may be shorter when received as a unicast transmaission than
a multicast transmission. Accordingly, by initially request-
ing a content stream as a unicast transmission, the lag
between the 1nitial request for the content and the beginning
of playback of the content may be minimized.

In some 1mplementations, content stored or broadcast by
content providers 270/275 may be provided as encrypted
content segments 1n which, for a particular content stream,
multiple different encodings, corresponding to different
quality settings, may be maintained. For example, a particu-
lar content stream may be encoded at three different bit rates,
which may correspond to three diflerent playback quality
levels. In general, content encoded at a higher quality setting
may take up more space and may thus require more network
throughput to stream the content using wireless network
220. In some 1mplementations, as part of the 1nitial request-
ing of the content, mobile device 210 and content provider
270/275 may determine an appropriate quality level for the
content. Also, 1n some implementations, as part of the 1nitial
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requesting of the content, mobile device 210 may receive
decryption keys for the content segments.

Process 500 may further include determining whether a
multicast stream 1s available for the content (block 520). For
example, mobile device 210 may query content provider
270/275 (or another network device) to determine whether
the particular requested content 1s currently being streamed
via multicast. Alternatively or additionally, mobile device
210 may receive a control channel, associated with wireless
network 220, that includes an indication of content that is
currently being streamed via multicast. Although blocks 510
and 520 are shown sequentially 1n FIG. §, in some imple-
mentations, the operations corresponding to blocks 510 and
520 may be performed concurrently (or 1n the reverse order).
That 1s, mobile device 210 may 1nitially receive the content
via unicast while at the same time determining whether a
multicast stream 1s available and mitiating reception of the
multicast stream (1f 1t 1s available).

When a multicast stream 1s not available (block 530—
No), mobile device 210 may continue to receive the content
stream via umcast. In particular, 1n this situation, process
500 may include recerving the requested content via unicast
only and storing the received content to the bufler (block
540). In this situation, segment buller 330 may be filled by
unicast component 320. Playback component 340 may
retrieve the content segments from the buffer and playback
the content to the user (block 550).

When a multicast stream 1s available (block 530—Yes),
process 500 may include receiving the multicast content
segments and storing the received multicast content seg-
ments 1 the bufler (block 560). For example, multicast
content component 310 may receive the multicast (or broad-
cast) transmission, extract the content segments from the
multicast transmission, and store the content segments to
segment bufler 330. As previously mentioned, the current
content segment that 1s being received by multicast content
component 310 may correspond to the most recent (newest)
content segment of the content stream. If the content seg-
ment stream 1s also being received via unicast (e.g., due to
the mmitial unicast request that was made i1n block 510),
mobile device 210 may cease the reception of the content
segments the unicast, such as by transmit a request to
content provider 270/275 to cease the transmission of the
unicast stream.

In some situations, reception of a multicast transmission
may result in missed content segments or content segments
that are received with greater than a threshold level of errors
or that are otherwise not acceptable for playback of the
content. These missing content segments may be referred to
as “holes” in the sequence of content segments. In this
situation, process 500 may include filling missing content
segments via unicast reception of the missing content seg-
ments (block 570). For example, in one implementation,
logic associated with segment bufler 330 or playback com-
ponent 340 may examine segment butler 330 and determine
when a content segment 1s missing (e.g., when the sequen-
tially labeled content segments are missing a label) or
contains too many errors (e.g., greater than a threshold
number of errors or lower than a threshold quality). In this
situation, unicast component 320 may transmit a request, to
base stations 235, content providers 270/275, or other net-
work devices, for the missing content segment or segments.
When unicast component 320 receives a corresponding
missing content segment or segments, unicast component
320 may store the missing content segment or segments to
segment buller 330. In this manner, content segments that
are not correctly received via multicast may be dynamically
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obtained via unicast. The parameters relating to segment
bufter 330 (e.g., the builer length X and the playback
restricted portion Y) may be selected, potentially based on
current network conditions, to allow for enough time for
missing content segments to be filled via unicast before the
content segments are used by playback component 340.

Process 500 may further include retrieving the content
segments from the buller and playing back the content to the
user (block 580). Retrieval and playback of the content may
be performed by playback component 340. The operations
of block 380 may be similar to those of block 550.

Process 500, as discussed, may provide for seamless
switching between multicast and unicast reception of a
content stream. Multicast, when available, may be used as
the primary technique for receiving the content stream.
When multicast becomes unavailable or when content seg-
ments are not correctly recerved via multicast, the content
stream may continue to be recerved via unicast.

FIGS. 6 A-6C are diagrams illustrating an example appli-
cation of the previously discussed concepts for secamless
multicast and unicast switching for content playback.

In FIG. 6A, assume that a user of a mobile device has
requested streaming content. Content player 215 may 1ni-
tially request and receive the streaming content via unicast.
Nine unicast content segments (labeled as S0 through 59,
where “uc” indicates a particular segment was received via
unicast) are illustrated. Assume segment S6, shown with
shading, corresponds to a content segment that was either
not recerved or was recerved with more than a threshold
quantity of errors. Unicast component 320 may request that
this segment be resent, via unicast, to mobile device 210. For
example, unicast component 320 may request retransmis-
s1on of the missing segment from a base station 235 or from
content provider 270/275.

Referring to FIG. 6B, at some point, content player 215
may determine the requested content stream 1s available as
a multicast stream and may begin to receive the content
stream via a multicast channel. As shown, segments S9Y
through S11 may be received via multicast (where “mc”
indicates a particular segment was recerved via multicast).
Of these segments, segment S10 (shown shaded) may not
have been received or may have been received with errors.
Additionally, assume segment S6, which was previously not
correctly received, 1s received, by unicast component 320, as
a unicast segment. The new version of segment S6 may be
written to the content bufler before segment S6 1s used by
playback component 340 to play the content stream to the
user.

Referring to FIG. 6C, assume three additional content
segments have been recerved and written to the content
bufler (labeled as content segments S12 through S14). The
three additional content segments may have been recerved
via multicast. Additionally, assume segment S10, which was
not correctly recerved during the multicast transmission, 1s
received, by unicast component 320, as a unicast segment.
The new version of segment S10 may be written to the
content bufler before segment S10 1s used by playback
component 340 to play the content stream to the user. In this
manner, multicast and unicast transmission may be concur-
rently used to seamlessly receive a content stream over a
wireless network.

FIG. 7 1s a diagram of example components of device 700.
One or more of the devices described above (e.g., with
respect to FIGS. 1A, 1B, 2, 3, 4, and/or 6 A-6C) may include
one or more devices 700. Device 700 may include bus 710,
processor 720, memory 730, input component 740, output
component 750, and communication interface 760. In
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another implementation, device 700 may include additional,
tewer, diflerent, or differently arranged components.

Bus 710 may include one or more communication paths
that permit communication among the components of device
700. Processor 720 may include a processor, microproces-
sor, or processing logic that may include processing circuitry
to interpret and execute instructions. Memory 730 may
include any type of dynamic storage device that may store
information and instructions for execution by processor 720,
and/or any type of non-volatile storage device that may store
information for use by processor 720.

Input component 740 may include a mechanism that
permits an operator to input information to device 700, such
as a keyboard, a keypad, a button, a switch, etc. Output
component 750 may include a mechanism that outputs
information to the operator, such as a display, a speaker, one
or more light emitting diodes (LEDs), etc.

Communication interface 760 may include any trans-
ceiver-like mechanism that enables device 700 to commu-
nicate with other devices and/or systems. For example,
communication interface 760 may include an Ethernet inter-
face, an optical interface, a coaxial interface, or the like.
Communication interface 760 may include a wireless com-
munication device, such as an infrared (IR) receiver, a
Bluetooth radio, a cellular radio transceiver, or the like. The
wireless communication device may be coupled to an exter-
nal device, such as a remote control, a wireless keyboard, a
mobile telephone, etc. In some embodiments, device 700
may include more than one communication interface 760.
For instance, device 700 may include an optical interface
and an Fthernet interface.

Device 700 may perform certain operations relating to
one or more processes described above. Device 700 may
perform these operations in response to processor 720
executing software instructions stored 1n a computer-read-
able medium, such as memory 730. A computer-readable
medium may be defined as a non-transitory memory device.
A memory device may 1nclude space within a single physi-
cal memory device or spread across multiple physical
memory devices. The software instructions may be read into
memory 730 from another computer-readable medium or
from another device. The software instructions stored in
memory 730 may cause processor 720 to perform processes
described herein. Alternatively, hardwired circuitry may be
used 1n place of or 1n combination with software nstructions
to 1mplement processes described herein. Thus, implemen-
tations described herein are not limited to any specific
combination of hardware circuitry and software.

The foregoing description of implementations provides
illustration and description, but 1s not intended to be exhaus-
tive or to limit the possible implementations to the precise
tform disclosed. Modifications and variations are possible 1n
light of the above disclosure or may be acquired from
practice of the implementations. For example, while a series
of blocks have been described with regard to FIG. S, the
order of the blocks may be modified 1n other implementa-
tions. Further, non-dependent blocks may be performed in
parallel.

The actual software code or specialized control hardware
used to implement an embodiment 1s not limiting of the
embodiment. Thus, the operation and behavior of the
embodiment has been described without reference to the
specific soltware code, 1t being understood that software and
control hardware may be designed based on the description
herein.

Even though particular combinations of features are
recited in the claims and/or disclosed in the specification,

"y

10

15

20

25

30

35

40

45

50

55

60

65

10

these combinations are not intended to limit the disclosure of
the possible implementations. In fact, many of these features
may be combined 1n ways not specifically recited in the
claims and/or disclosed 1n the specification. Although each
dependent claim listed below may directly depend on only
one other claim, the disclosure of the possible implementa-
tions includes each dependent claim 1in combination with
every other claim 1n the claim set.

Further, while certain connections or devices are shown,
in practice, additional, fewer, or different, connections or
devices may be used. Furthermore, while various devices
and networks are shown separately, in practice, the func-
tionality of multiple devices may be performed by a single
device, or the functionality of one device may be performed
by multiple devices. Further, multiple ones of the 1llustrated
networks may be included 1n a single network, or a particu-
lar network may include multiple networks. Further, while
some devices are shown as communicating with a network,
some such devices may be incorporated, in whole or 1n part,
as a part of the network.

To the extent the atorementioned embodiments collect,
store or employ personal information provided by individu-
als, 1t should be understood that such information shall be
used 1 accordance with all applicable laws concerming
protection of personal information. Additionally, the collec-
tion, storage and use of such imnformation may be subject to
consent of the individual to such activity, for example,
through well known “opt-in” or “opt-out” processes as may
be appropnate for the situation and type of information.
Storage and use of personal nformation may be in an
appropriately secure manner retlective of the type of infor-
mation, for example, through various encryption and ano-
nymization techniques for particularly sensitive informa-
tion.

No element, act, or mstruction used 1n the present appli-
cation should be construed as critical or essential unless
explicitly described as such. An instance of the use of the
term “and,” as used herein, does not necessarily preclude the
interpretation that the phrase “and/or” was intended in that
instance. Similarly, an mstance of the use of the term “or,”
as used herein, does not necessarily preclude the interpre-
tation that the phrase “and/or” was intended 1n that instance.
Also, as used herein, the article “a” 1s intended to include
one or more items, and may be used interchangeably with
the phrase “one or more.” Where only one 1tem 1s intended,
the terms “one,” “single,” “only,” or similar language 1s
used. Further, the phrase “based on” 1s mtended to mean
“based, at least 1n part, on” unless explicitly stated other-
wise.

e B Y 4

What 1s claimed 1s:
1. A mobile device comprising:
a memory device storing a set of processor-executable
instructions; and
a processor configured to execute the processor-execut-
able 1instructions, wherein executing the processor-
executable 1nstructions causes the processor to:
receive a request, from a user of the mobile device, to
play streaming content at the mobile device;
receive, from a wireless network, and using a multicast
technique, a sequence of content segments that cor-
respond to the requested streaming content;
determine when a content segment 1s missing from the
sequence ol content segments;
request, 1n response to the determination of the missing
content segment, the missing content segment, from
the wireless network, using a unicast technique;
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receive, via the unicast technique, the missing content
segment;

store the received sequence of content segments and the
recetved missing content segment 1n a buller,
wherein the bufler 1s associated with a first value
defining a size of the bufler and a second value
defining a portion of the bufler for which playback of
the requested content 1s restricted;

insert the received missing content segment into the
sequence ol content segments to obtain the sequence
of content segments as a sequence that includes
content segments received using both multicast and
unicast techniques; and

play, using the sequence of content segments, including
the content received via the unicast technique, the
requested content.

2. The mobile device of claim 1, wherein the processor-
executable instructions further include mstructions to cause
the processor to:

initially request the sequence of the content segments

using the unicast technique; and

cease reception of the content segments, using the unicast

technique, when the sequence of content segments
begin to be received using the multicast techmque.

3. The mobile device of claim 1, wherein the determina-
tion that the content segment 1s missing from the sequence
ol content segments includes at least one of:

a determination that the content segment was not

received, or

a determination that a quality of a particular recerved

content segment 1s below a threshold.

4. The mobile device of claim 1, wherein the streaming
content corresponds to a Moving Picture Experts Group-
Dynamic Adaptive Streaming over HT'TP (Hypertext Trans-
ter Protocol) (MPEG-DASH) content stream.

5. The mobile device of claam 1, wherein playing the
requested content includes reading the received sequence of
content segments from the bufler without reading any of the
content segments that are associated with the portion of the
bufler for which playback of the requested content 1s
restricted.

6. The mobile device of claim 1, wherein the second value
1s selected, based on conditions of the wireless network, to
allow for enough time for the missing content segments to
be received via the unicast technique.

7. A method, implemented by a mobile device, the method
comprising;

receiving a request, from a user of the mobile device, to

play streaming content at the mobile device;

receiving, from a wireless network, and using a multicast

technique, a sequence of content segments that corre-

spond to the requested streaming content, wherein

receiving the sequence of content segments includes:

storing the received sequence of content segments 1n a
bufler, wherein the bufler 1s associated with a first
value defining a size of the buller and a second value
defining a portion of the butler for which playback of
the requested content 1s restricted;

determining when a content segment 1s missing irom the

sequence ol content segments;
requesting, in response to the determination of the miss-
ing content segment, the missing content segment,
from the wireless network, using a unicast technique;

receiving, via the unicast technique, the missing content
segment;

inserting the recerved missing content segment into the

sequence of content segments to obtain the sequence of
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content segments as a sequence that includes content
segments received using both the multicast and unicast
techniques; and

playing, using the sequence of content segments, 1nclud-
ing the content received via the unicast technique, the
requested content.

8. The method of claim 7, wherein the method further

COmprises:

imitially requesting the sequence of the content segments
using the unicast technique; and

ceasing reception of the content segments, using the
unicast technique, when the sequence of content seg-
ments begin to be received using the multicast tech-
nique.

9. The method of claim 7, wherein the determination that
the content segment 1s missing from the sequence of content
segments mcludes at least one of:

a determination that the content segment was not

received, or
a determination that a quality of the received content
segment 1s below a threshold.
10. The method of claim 7, wherein the streaming content
corresponds to a Moving Picture Experts Group-Dynamic
Adaptive Streaming over HT'TP (Hypertext Transier Proto-
col) (MPEG-DASH) content stream.
11. The method of claim 7, wherein playing the requested
content 1ncludes reading the received sequence of content
segments from the buller without reading any of the content
segments that are associated with the portion of the builer
for which playback of the requested content 1s restricted.
12. The method of claim 7, wherein the second value 1s
selected, based on conditions of the wireless network, to
allow for enough time for the missing content segments to
be recerved via the unicast techniques.
13. A mobile device comprising:
a multicast component to receive, from a wireless net-
work, a multicast content stream, corresponding to
content that was requested by a user of the mobile
device, and to output content segments corresponding
to the multicast content stream:;:
a unicast component to:
request, from the wireless network, a particular content
segment corresponding to the content,

recerve, from the wireless network and as unicast data,
the particular content segment, and

output the particular content segment;

a segment buller to store the content segments output by
the multicast component and the unicast component as
a sequence of content segments corresponding to the
requested content, wherein the segment buller 1s asso-
ciated with a first value defining a size of the segment
bufler and a second value defining a portion of the
segment bufler for which playback of the requested
content 1s restricted; and

a playback component to read the content segments from
the segment builer and to play, based on the read
content segments, the requested content.

14. The mobile device of claim 13, wherein the particular
content segment corresponds to a content segment that was
not correctly received, in the multicast content stream, by
the multicast component.

15. The mobile device of claim 13, wherein the unicast
component 1s further to:

imitially request the content stream as a unicast transmis-
sion; and
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cease reception of the unicast content stream when the
multicast component begins to receive the content
stream.

16. The mobile device of claim 13, wherein the content
stream corresponds to a Moving Picture Experts Group-
Dynamic Adaptive Streaming over HT'TP (Hypertext Trans-
ter Protocol) (MPEG-DASH) content stream.

17. The mobile device of claim 13, wherein the second
value 1s selected, based on conditions of the wireless net-
work, to allow enough time for the particular content seg-
ment to be requested and recerved by the unicast component.

18. The mobile device of claim 1, wherein the second
value corresponds to a minimum delay between receiving a
particular content segment via the multicast technique and
playing the particular content.

19. The method of claim 7, wherein the second value
corresponds to a minimum delay between receiving a par-
ticular content segment via the multicast technique and
playing the particular content.

20. The mobile device of claim 13, wherein the second
value corresponds to a minimum delay between receiving a
particular content segment via the multicast technique and
playing the particular content.
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